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Abstract
In this paper we consider the problem of spontaneous supersymmetry breaking in
N = 4 supergravity interacting with vector multiplets. We start with the ordinary ver-
sion of such model with the scalar eld geometry SU(1; 1)=U(1)
 SO(6; m)=SO(6)

SO(m). Then we construct a dual version of this theory with the same scalar eld
geometry, which corresponds to the interaction of arbitrary number of vector multi-
plets with the hidden sector, admitting spontaneous supersymmetry breaking without
a cosmological term. We show that supersymmetry breaking is still possible in the





In this paper we continue our investigation of the problem of spontaneous supersymmetry
breaking in extended supergravities started in [1], where N = 3 case have been consid-
ered. For the N = 4 supergravity the only natural candidate for the model of supergravity
| vector multiplets interaction is the one with the scalar eld geometry SU(1; 1)=U(1) 

SO(6;m)=SO(6) 
 SO(m) [2]. Such a model has indeed been constructed some time ago
[3, 4, 5, 6], in this the whole group SO(6;m) turned out to be the symmetry of the Lagrangian
and not that of the equations of motion only. So in this aspect the N = 4 supergravity seems
to be drastically dierent from N = 3 theory, but it is important to note that the N = 4 su-
pergravity multiplet itself contains couple of scalar elds, describing the non-linear -model
SU(1; 1)=U(1). This leads to the existence of the dual versions for this theory, the most
known cases being SO(4) [7] and SU(4) [8, 9] theories. But in turn, this should lead to the
existence of dual versions for N = 4 supergravity | vector multiplet interaction as well. In
[10] the hidden sector for N = 4 supergravity was constructed, which was the dual version
for the system N = 4 supergravity with six vector multiplets and admitted the spontaneous
supersymmetry breaking without a cosmological term. In this paper we start with the ordi-
nary version for vector multiplets interaction and then, using the fact that all dual versions
have the same scalar eld geometry, we manage to construct the model, which turns out to
be the generalization of our hidden sector to the case of arbitrary number of vector multi-
plets. Moreover, we show that the spontaneous supersymmetry breaking is still possible in
the presence of matter elds.
2 Ordinary version
Let us start with a well known model of vector multiplets | N = 4 supergravity interaction
when the scalar elds describe the non-linear -model [SU(1; 1)=U(1)]
 [SO(6;m)=SO(6)









, A = 1; 2; :::m + 6, g
AB








,  = 1; 2, real scalars 
a
A
, a = 1; 2; :::6 and complex scalars z

. In this, the spinor and
scalar elds must satisfy the following constraints:
























In such formulation the theory have local O(6)
U(1) invariance, where the corresponding










































































































































For the case of abelian vector multiplets the full Lagrangian (omitting four fermionic









































































































































































































































































































































which are generators of the group O(6)  SU(4). Let us recall, that we use the -matrix rep-







































































































































































are transformed under the adjoint representation of some gauge group
G with structure constants f
ABC






































































Then, in order to restore the invariance of the Lagrangian spoiled by such replacement, one





































































































































































































, which are antisymmetric on a; b; c and symmetric on i; j, are deter-


















As in the N = 3 supergravity case, global symmetry group O(6;m) is non-compact,
so one can consider a lot of dierent gaugings in this theory. The rst class consists of







H and so on, whereH is some compact group. In general such a gauging leads
to the non-zero value of a cosmological term, but in some cases cosmological term can be ne
3
tuned to zero by ajusting the values of dierent gauge coupling constant. One of the most
interesting models of this type is the one constructed in [11], which gives N = 4 ! N = 1
breaking.
The second class of models corresponds to the possibility to have a gauge group which
contains translations as well as rotations. An example of such gauging was constructed some
time ago [12] and appeared to be the rst (as far as we know) model giving spontaneous

















)=2, so that only N = 4! N = 2 partial
Higgs eect is possible.
The last possibility is the "abelian" gaugings corresponding to pure translations similar
to the model we have constructed for the N = 3 supergravity [13]. But in the N = 4 case
such models give non-zero value of a cosmological term.
3 Dual version
In this section we are going to construct the dual version which will be the generalization of
the hidden sector [10] to the case of arbitrary number of vector multiplets. The crucial point
is that as the scalar eld geometry remains unchanged we may use all the terms without
vector elds from the previous section. Let us start by rewriting the corresponding parts of
the Lagrangian (4) and supertransformations (10) in terms of independent spinor and scalar


















); a;m = 1; 2; :::6 (16)























































































































) are necessary to have
canonical kinetic terms for spinors.
Now we are ready to rewrite all the terms without vector elds in our new variables. Let

































































































































































































































































































Note, that all the derivatives are the U(1)-covariant ones and contain (z@

z) terms in ac-
cording to (3).






















































































































































The essential part of the dual version is the hidden sector [10]. Note that our current
notations dier from whose used in [10]. The main dierence is that for the non-linear -
model SU(1; 1)=U(1) we use doublet of scalar elds z

, satisfying the constraint (1). Besides,
5





, ^ = 1; 2. In this, part of the Lagrangian

































































































































































































































































































































Now let us turn to the matter elds. Having in our disposal all the terms without
vector elds it is a relatively easy task to complete the Lagrangian using ordinary Noether



















































































































































































































































Thus we have managed to construct the dual version of the N = 4 supergravity | vector
multiplets system which indeed generalize our hidden sector [10] to the case of arbitrary
number of vector multiplets. As we have already mentioned, the scalar eld geometry are
the same as in the ordinary version, but the global symmetry of the Lagrangian and the
transformation properties of the vector elds dier in these two models. Now, instead of
O(6;m) group, we have O(m   6) 







, under which all the vector elds are inert. Therefore, by analogy with




















































are fully skew-symmetric in their indices. Besides, as will become clear below,




































































which corresponds to the self-interaction of abelian massive vector elds!
As usual, substitution (34) breaks the invariance of the Lagrangian under the supertrans-
formations. To compensate for this noninvariance, it is necessary to complete the Lagrangian






































































































































































































































As for the matter elds, it turns out that no new terms in the supertransformations

























So far, we have not given the tensorsM
mnp
^
explicitly. Clearly, in the general case one gets
a family of tensors related via the O(6) - transformations. It would be convenient to choose
a parameterization in which the gravitino mass matrix is diagonal. Then in the concrete





























































































Analysing potential (the rst two terms in the (37)), one can show that its minimum corre-
sponds to < z
0






). Besides, by virtue of the properties (35) and
(44), the value of the potential at the minimum equals zero which corresponds to the absence
of a cosmological term.
Hence, the theory constructed really admits a spontaneous supersymmetry breaking with-
out a cosmological term and with four arbitrary scales, including the partial super-Higgs
eect N = 4 ! N = 3, N = 4 ! N = 2 and N = 4 ! N = 1. But, due to the constraint








turns out to be zero and the spontaneous supersymmetry breaking does not lead
to the appearance of the matter eld mass terms.
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5 Conclusion
Thus we have seen that in the "minimal" version for N = 4 supergravity with matter till
now no one have managed to construct a fully satisfactory model i.e. the model which gives
spontaneous supersymmetry breaking with dierent scales, a zero value for cosmological term
without ne tuning and the possibility to have partial super-Higgs eect N = 4 ! N = 1.
The dual version, constructed in this paper, indeed has all these desired properties but failed
to generate soft breaking terms for matter elds. Let us stress, however, that in both cases
there exist a lot of possible gaugings, which have not been fully explored so far.
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related with them through relation (44).
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